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Solid  Electrical  Insulating  Materials  and  Insulating  Systems  Sectional  Committee,  ETD  02 


NATIONAL  FOREWORD 

This  Indian  Standard  (First  Revision)  which  is  identical  with  IEC  60587  :  2007  'Electrical  insulating  materials 
used  under  severe  ambient  conditions  —  Test  methods  for  evaluating  resistance  to  tracking  and  erosion' 
issued  by  the  International  Electrotechnical  Commission  (IEC)  was  adopted  by  the  Bureau  of  Indian  Standards 
on  the  recommendation  of  the  Solid  Electrical  Insulating  Materials  and  Insulating  Systems  Sectional  Committee 
and  approval  of  the  Electrotechnical  Division  Council. 

This  standard  was  first  published  in  1981  and  this  revision  has  been  undertaken  to  align  it  with  the  latest 
version  of  IEC  60587. 

The  text  of  IEC  Standard  has  been  approved  as  suitable  for  publication  as  an  Indian  Standard  without 
deviations.  Certain  terminology  and  conventions  are,  however,  not  identical  to  those  used  in  Indian  Standards. 
Attention  is  particularly  drawn  to  the  following: 

a)  Wherever  the  words 'International  Standard' appear  referring  to  this  standard,  they  should  be  read  as 
'Indian  Standard'. 

b)  Comma  (,)  has  been  used  as  a  decimal  marker  while  in  Indian  Standards,  the  current  practice  is  to 
use  a  point  (.)  as  the  decimal  marker. 

Only  the  English  language  text  of  the  International  Standard  has  been  retained  while  adopting  it  as  an  Indian 
Standard,  and  as  such  the  page  numbers  given  here  are  not  the  same  as  in  IEC  Standard. 

For  the  purpose  of  deciding  whether  a  particular  requirement  of  this  standard  is  complied  with,  the  final 
value,  observed  or  calculated  expressing  the  result  of  a  test,  shall  be  rounded  off  in  accordance  with 
IS  2  : 1 960  'Rules  for  rounding  off  numerical  values  (revised)'.  The  number  of  significant  places  retained  in 
the  rounded  off  value  should  be  the  same  as  that  of  the  specified  value  in  this  standard. 
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Indian  Standard 

ELECTRICAL  INSULATING  MATERIALS  USED  UNDER 

SEVERE  AMBIENT  CONDITIONS —  TEST  METHODS 

FOR  EVALUATING  RESISTANCE  TO 

TRACKING  AND  EROSION 

1    scope  (  First  Revision ) 

This  International  standard  describes  two  test  methods  for  the  evaluation  of  electrical 
insulating  materials  for  use  under  severe  ambient  conditions  at  power  frequencies  (45  Hz  to 
65  Hz)  by  measurement  of  the  resistance  to  tracking  and  erosion,  using  a  liquid  contaminant 
and  inclined  plane  specimens.  The  two  methods  are  as  follows: 

-  Method  1:  constant  tracking  voltage; 

-  Method  2:  stepwise  tracking  voltage. 

NOTE  1     Method  1  is  the  most  widely  used  method  as  there  is  less  need  for  continual  inspection. 

NOTE  2  The  test  conditions  are  designed  to  accelerate  the  production  of  the  effects,  but  do  not  reproduce  all  the 
conditions  encountered  in  service. 

2     Terms  and  definitions 

For  the  purposes  of  this  document,  the  following  terms  and  definitions  apply. 

2.1 
track 

partially  conducting  path  created  by  localized  deterioration  on  the  surface  of  an  insulating 
material 

2.2 
tracking 

progressive  degradation  of  the  surface  of  a  solid  insulating  material  by  local  discharges  to 
form  conducting  or  partially  conducting  paths 

NOTE     Tracking  usually  occurs  due  to  surface  contamination. 
[IEC  60050-212-01-421] 

2.3 

erosion,  electrical 

loss  of  material  by  leakage  current  or  electrical  discharge 

2.4 
time-to-track 

time  required  to  produce  tracks  under  the  specified  conditions  of  test 


1    IEC  60050-212:1990,   International  Electrotechnical  Vocabulary  -  Chapter  212:  Insulating  solids,   liquids  and 
gases 
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3     Test  specimens 

3.1       Dimensions 

Flat  specimens  with  a  size  of  at  least  50  mm  X  120  mm  shall  be  used.  The  preferred 
thickness  shall  be  6  mm.  Other  thicknesses  may  be  used,  but  must  be  mentioned  in  the  test 
report.  The  specimens  shall  be  drilled  as  shown  in  Figure  1,  to  attach  the  electrodes. 

120  (at  least) 
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Reference  marks 


IEC    672/07 

Dimensions  in  millimetres 
Figure  1  -  Test  specimen  with  holes  for  fixing  electrodes 

3.2       Preparation 

The  specimens  shall  be  washed  with  a  suitable  solvent  (e.g.  isopropyl  alcohol)  to  remove 
leftovers  such  as  fat  from  handling.  After  that  the  specimens  shall  be  rinsed  with  distilled 
water. 

The  cleaned  specimens  shall  be  mounted  carefully  to  avoid  contamination. 

If  the  contaminant  does  not  wet  the  surface  evenly  within  the  observation  time  mentioned  in 
5.1,  the  surface  of  the  specimens  can  be  slightly  abraded.  The  abrasion  should  be  done  with 
a  fine  (U.S.  grade  (CAMI):  400  mesh;  European  grade  (FEPA):  P800)  aluminium-oxide-  or 
zirconia-aluminia-abrasive  under  water  until  the  whole  surface  wets  and  appears  uniformly 
matt  when  dry.  When  abraded  the  specimen  shall  be  cleaned  another  time  with  distilled  water. 

Abrasion  has  to  be  mentioned  in  the  test  report. 

Specimens  used  for  criterion  B  (see  5.4)  shall  have  reference  marks  on  both  edges,  25  mm 
above  the  lower  electrode  (see  Figures  1  and  7). 


4     Apparatus 


4.1       Electrical  apparatus 


A  schematic  circuit  is  given  in  Figure  2.  As  the  test  will  be  carried  out  at  high  voltages,  it  is 
obviously  necessary  to  use  an  earthed  safety  enclosure.  The  circuit  comprises: 
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A  45  Hz  to  65  Hz  power  supply  with  an  output  voltage  stabilized  to  ±5  %  which  can  be 
varied  up  to  about  6  kV  with  a  rated  current  not  less  than  0,1  A  for  each  specimen. 
Preferred  test  voltages  are  2,5  kV,  3,5  kV  and  4,5  kV,  for  method  1 . 


Com 

po 

nents 

S 

power  supply  switch 

VT 

variable  ratio  transformer 

T 

high-voltage  transformer 

R 

series  resistor 

V 

voltmeter 

Sp 

specimen 

F 

overcurrent  device,  fuse  or 

relay 

Figure  2  -  Schematic  circuit  diagram 

NOTE     If  only  one  power  supply  is  used  for  several  specimens,  each  should  have  a  circuit-breaker  or  a  similar 
device  (see  4.1,  last  sentence). 


A  200  W  resistor  with  ±10  %  tolerance  in  series  with  each  specimen  at  the  high-voltage 
side  of  the  power  supply.  The  resistance  of  the  resistor  shall  be  taken  from  Table  1 . 
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Table  1  -  Test  parameters 


Test  voltage 

Preferred  test  voltage 

Contaminant  flow 

Series  resistor, 

kV 

for  method  1 

rate 

Resistance 

kV 

ml/min 

WQ. 

1,0  to  1,75 

- 

0,075 

1 

2,0  to  2,75 

2,5 

0,15 

10 

3,0  to  3,75 

3,5 

0,30 

22 

4,0  to  4,75 

4,5 

0,60 

33 

5,0  to  6,0 

- 

0,90 

33 

-  A  true  r.m.s.  voltmeter  with  an  accuracy  of  1 ,5  %  of  reading  shall  be  used. 

-  An  overcurrent  delay  relay  (for  example  see  Figure  3)  or  any  other  device  which  operates 
when  60  mA  ±  6  mA  or  more  has  persisted  in  the  high-voltage  circuit  for  2  s  to  3  s. 
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To  the  power 
supply  switch 
(S  in  Figure  2) 


Components 

Re  rectifier 

Tr  transformer  (winding  300/900  turns) 

Rl  relay  (2  500  Q/1 1  000  turns) 

C  capacitor  (200  uF) 

Figure  3  -  Example:  typical  circuit  for  an  overcurrent  delay  relay  (F  in  Figure  2) 

4.2       Electrodes 

All  electrodes,  fixtures  and  assembly  elements  associated  with  the  electrodes,  such  as 
screws,  shall  be  made  of  stainless  steel  e.g.  grade  302.  The  electrode  assembly  is  shown  in 
Figure  6. 

NOTE     The  electrodes  shall  be  cleaned  prior  to  each  test  and  replaced  when  necessary. 

The  top  electrode  is  shown  in  Figure  4.  The  bottom  electrode  is  shown  in  Figure  5. 
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Dimensions  in  millimetres 
Figure  4  -  Top  electrode,  stainless  steel  0,5  mm  thick 


Six  semi-circular 
cut-outs:  02,5  mm 


/? 


30° 


Dimensions  in  millimetres 
Figure  5  -  Bottom  electrode,  stainless  steel  0,5  mm  thick 


4.3       Contaminant 

Unless  otherwise  specified  use 

-  0,1  %  ±  0,002  %  by  mass  of  NH4CI  (ammonium  chloride)  analytical  quality,  and 

-  0,02  %  ±  0,002  %  by  mass  of  isooctylphenoxypolyethoxyethanol  (a  non-ionic  wetting 
agent)  in  distilled  or  de-ionized  water. 

-  This  contaminant  shall  have  a  resistivity  of  3,95  Qm  ±  0,05  Qm  at  23  °C  ±  1  °C. 

-  The  contaminant  shall  be  not  more  than  four  weeks  old  and  its  resistivity  shall  be  checked 
before  each  series  of  tests. 

-  Eight  layers  of  filter-paper  with  a  thickness  of  0,2  mm  ±  0,02  mm,  of  the  approximate 
dimensions  given  in  Figure  9,  are  clamped  between  the  top  electrode  and  the  specimen  to 
act  as  a  reservoir  for  the  contaminant. 

-  The  contaminant  shall  be  fed  into  this  filter-paper  pad  so  that  a  uniform  flow  between  the 
top  and  the  bottom  electrodes  shall  occur  before  voltage  application. 
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NOTE  This  can  be  done  by  pumping  the  contaminant  through  a  tube  into  the  filter-paper  pad.  The  tube  can 
be  held  between  the  filter  papers  by  a  clip  of  stainless  steel.  Another  possibility  is  to  drip  the  contaminant  into 
the  filter-paper  pad  with  a  fixed  drop  size  and  fixed  number  of  drops  per  minute. 

The  rate  of  application  of  contaminant  shall  be  that  within  ±  10  %  specified  in  Table  1  in 
relation  to  the  applied  voltage. 


Filter-paper  pad  under 
the  top  electrode 


Test  specimen 


Top  electrode 


3  screws  04  x  20 

6  washers 

3  nuts 

All  stainless  steel 


Bottom  electrode 


Dimensions  in  millimetres 
Figure  6  -  Assembly  of  the  electrodes 

4.4  Timing  device 

A  timing  device  with  an  accuracy  of  about  ±1  min/h  shall  be  used. 

NOTE    For  example  a  1  min  pulser  with  a  counter  is  acceptable. 

4.5  Depth  gauge 

A  depth  gauge  with  an  accuracy  of  ±0,01  mm  shall  be  used.  The  point  of  the  probe  shall  be 
hemispherical  with  a  radius  of  0,25  mm. 

4.6  Ventilation 

The  test  chamber  shall  be  equipped  with  a  ventilation  to  allow  an  exhaust  of  steam  and 
gaseous  decomposition  products.  The  ventilation  of  the  test  chamber  should  be  moderate  and 
constant  to  avoid  permanent  condensation  of  water.  Direct  airflow  across  the  test  specimens 
shall  be  avoided. 


NOTE    Experience  shows  that  the  intensity  of  ventilation  may  influence  the  test  result. 
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5     Procedure 

5.1       Preparation  of  the  test 

Unless  otherwise  specified,  the  test  shall  be  carried  out  at  an  ambient  temperature  of 
23  °C  +  2  °C  on  sets  of  at  least  five  specimens  for  each  material. 

Mount  the  specimen,  with  the  flat  test  surface  on  the  underside,  at  an  angle  of  45°  ±  2°  from 
the  horizontal  as  shown  in  Figure  7,  with  the  electrodes  50  mm  ±  0,5  mm  apart.  The  test  for 
further  5  specimen  can  be  achieved  either  simultaneously  or  respectively. 


Test  specimen 


Contaminant  feed 


Top  electrode 


Dimensions  in  millimetres 
Figure  7  -  Test  assembly,  schematic 

NOTE  1     For  each  test,  use  a  new  filter-paper  pad  (see  Figure  9). 

If  the  specimen  is  not  self-supporting  an  insulating  mounting  support  for  the  specimen  must 
be  used.  The  mounting  support  shall  be  such  that  the  heat  dissipation  from  the  back  of  the 
sample  is  not  hindered  and  the  material  shall  be  heat  resistant  and  electrically  insulating  (e.g. 
PTFE).  An  example  of  a  mounting  support  is  shown  in  Figure  8. 


Start  introducing  the  contaminant  into  the  filter-paper  pad  allowing  the  contaminant  to  wet  the 
paper  thoroughly.  Adjust  the  contaminant  flow  and  calibrate  to  give  a  flow  rate  as  specified  in 
Table  1.  Observe  the  flow  for  at  least  10  min  and  ensure  that  the  contaminant  flows  steadily 
down  the  face  of  the  test  specimen  between  the  electrodes.  The  contaminant  shall  flow  from 
the  quill  hole  of  the  top  electrode  and  not  from  the  sides  or  the  top  of  the  filter-paper. 
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Cutted  section 
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80 


Eb 


(D 


o 


i,        ii 


V  v 
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Et  top  electrode 

Eb  bottom  electrode 

MS  mounting  support 

S  specimen 


Figure  8  -  Mounting  support 


Dimensions  in  millimetres 


Figure  9  -  Filter-paper  (eight  sheets  requested  for  each  top  electrode) 

8 


IS  9947:2011 
I  EC  60587  :  2007 


5.2       Method  1:  Application  of  constant  tracking  voltage 


With  the  contaminant  flowing  uniformly  at  the  specified  rate,  according  to  Table  1,  switch  on 
and  raise  the  voltage  to  one  of  the  preferred  test  voltages,  2,5  kV,  3,5  kV  or  4,5  kV,  which 
should  be  reached  within  a  maximum  of  10  s,  and  start  the  timing  device.  The  voltage  shall  be 
maintained  constant  for  6  h. 

If  the  test  has  to  be  repeated  at  a  higher  or  lower  voltage,  a  further  set  of  five  specimens  shall 
be  tested  for  each  selected  preferred  voltage. 

The  constant  tracking  voltage  is  the  highest  voltage  withstood  by  all  five  specimens  for  6  h 
without  failure  (see  5.4). 

Classification  of  the  material  is  as  follows: 

Class  1A0or1B0 

if  any  specimen  fails  at  2,5  kV  in  less  than  6  h  according  to  criterion  A  or  B  of  5.4. 

Class  1A  2,5  or  1B  2,5 

if  all  five  specimens  survive  6  h  at  2,5  kV  and  if  any  specimen  fails  at  3,5  kV  in  less  than 
6  h. 

Class  1A3,5or1B3,5 

if  all  five  specimens  survive  6  h  at  3,5  kV  and  if  any  specimen  fails  at  4,5  kV  in  less  than 
6  h. 

Class  1A4,5or1B4,5 

if  all  five  specimens  survive  6  h  at  4,5  kV. 

In  each  case,  the  maximum  depth  of  erosion  is  to  be  reported. 
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5.3  Method  2:  stepwise  tracking  voltage 

Select  a  starting  voltage,  being  a  multiple  of  250  V,  such  that  failure  according  to  criterion  A 
of  5.4  (current  exceeding  60  mA)  does  not  occur  sooner  than  the  third  voltage  step  (a 
preliminary  trial  test  may  be  necessary).  With  the  contaminant  flowing  uniformly  at  the 
specified  rate,  switch  on  and  raise  the  voltage  to  the  selected  value.  Maintain  this  voltage  for 
1  h  and  increase  the  voltage  by  a  step  of  250  V  for  each  subsequent  hour  until  failure  by 
criterion  A  is  recorded.  As  the  voltage  is  increased  the  contaminant  flow  rate  and  the 
resistance  value  of  the  series  resistor  are  increased  according  to  Table  1 . 

The  stepwise  tracking  voltage  is  the  highest  voltage  withstood  by  all  five  specimens  for  1  h 
without  failure. 

Classification  of  the  material  is  as  follows: 

Class  2A  x  or  2B  x,  where  x  is  the  highest  voltage,  in  kilovolts,  withstood  by  the  material 
under  test. 

NOTE  1  Effective  scintillation  is  essential  and  if  not  obtained,  the  electrical  circuit,  the  contaminant  flow 
characteristics  and  contaminant  resistivity  should  be  carefully  checked. 

Scintillation  means  the  existence  of  small  yellow  to  white  (with  some  materials  occasionally  blue)  arcs  just  above 
the  teeth  of  the  lower  electrode,  within  a  few  minutes  of  application  of  the  voltage.  These  discharges  should  occur 
in  an  essentially  continuous  manner,  although  they  may  jump  from  one  tooth  to  another.  These  discharges  will  burn 
away  the  specimen  surface  and  may  ultimately  lead  to  tracking  failure.  Discharges  which  move  rapidly  over  the 
surface  between  the  two  electrodes  are  not  likely  to  produce  tracks. 

The  condition  of  effective  scintillation  may  also  be  observed  with  a  cathode-ray  oscilloscope.  The  signal  may  be 
picked  up  across  a  resistor  (e.g.  330  Q.,  2  W)  placed  in  series  with  the  overcurrent  device.  Proper  scintillation  is 
observed  as  a  continual,  but  non-uniform,  break-up  of  the  power  frequency  current  wave  during  each  half  cycle. 

NOTE  2  The  overcurrent  device  should  operate  before  the  track  reaches  the  top  electrode  when  a  60  mA  current 
flows  in  the  conducting  track  and  in  the  stream  of  electrolyte  remaining  on  the  surface. 

NOTE  3  Erosion  depth  is  measured  after  scraping  away  or  otherwise  removing  decomposed  insulation  and  debris, 
taking  care  not  to  remove  any  undamaged  test  material. 

5.4  End-point  criteria 

Two  criteria  for  determining  the  end  point  of  the  test  are  in  use: 

Criterion  A: 

The  end  point  is  reached  when  the  value  of  the  current  in  the  high  voltage  circuit  through  the 
specimen  exceeds  60  mA  (an  overcurrent  device  then  breaks  this  current  not  before  2  s,  but 
not  later  than  4  s)  or  when  a  specimen  shows  a  hole  due  to  intensive  erosion  or  the  specimen 
ignites. 

NOTE  1  The  60  mA  end  point  criterion  permits  the  use  of  an  automatic  apparatus  testing  several  specimens 
simultaneously. 

NOTE  2     Flammability  failure  occurs  with  some  materials  which  ignite  during  the  test. 
Criterion  B: 

The  end  point  is  reached  when  the  track  reaches  a  mark  on  the  specimen  surface  25  mm  from 
the  lower  electrode  (see  Figures  1  and  7)  or  when  a  specimen  shows  a  hole  due  to  intensive 
erosion  or  the  specimen  ignites. 

NOTE  3     This  end  point  criterion  (criterion  B)  requires  constant  visual  supervision  and  manual  control. 
NOTE  4     Criterion  A  without  ignition  is  the  preferred  criterion. 
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6     Test  report 

The  report  shall  include: 

a)  type  and  designation  of  material  tested; 

b)  details  of  the  specimens:  fabrication  and  dimensions,   cleaning   procedure  and  solvent 
used,  surface  treatment  if  any,  pre-conditioning.  The  thickness  shall  be  reported; 

c)  orientation    of   composite    specimen    (like   fibre-reinforced    plastic)    with    respect   to    the 
electrodes  (i.e.  machine  direction,  cross-machine  direction,  bias,  etc.); 

d)  method  for  the  application  of  the  voltage  and  end   point  criterion   used.   Classification 
according  to  5.2; 

e)  the  maximum  depth  of  erosion  has  to  be  reported  in  the  classification.  For  example  a 
maximum  erosion  depth  of  0,5  mm  as  1  A  3,5  -  0,5. 
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harmonious  development  of  the  activities  of  standardization,  marking  and  quality  certification  of 
goods  and  attending  to  connected  matters  in  the  country. 

Copyright 

BIS  has  the  copyright  of  all  its  publications.  No  part  of  the  these  publications  may  be  reproduced  in 
any  form  without  the  prior  permission  in  writing  of  BIS.  This  does  not  preclude  the  free  use,  in  the 
course  of  implementing  the  standard,  of  necessary  details,  such  as  symbols  and  sizes,  type  or  grade 
designations.  Enquiries  relating  to  copyright  be  addressed  to  the  Director  (Publications),  BIS. 

Review  of  Indian  Standards 

Amendments  are  issued  to  standards  as  the  need  arises  on  the  basis  of  comments.  Standards  are 
also  reviewed  periodically;  a  standard  alongwith  amendments  is  reaffirmed  when  such  review  indicates 
that  no  changes  are  needed;  if  the  review  indicates  that  changes  are  needed,  it  is  taken  up  for  revision. 
Users  of  Indian  Standards  should  ascertain  that  they  are  in  possession  of  the  latest  amendments  or 
edition  by  referring  to  the  latest  issue  of  'BIS  Catalogue'  and  'Standards:  Monthly  Additions'. 

This  Indian  Standard  has  been  developed  from  Doc  No.:  ETD  02  (6088). 

Amendments  Issued  Since  Publication 


Amend  No. 


Date  of  Issue 


Text  Affected 


BUREAU  OF  INDIAN  STANDARDS 

Headquarters: 

Manak  Bhavan,  9  Bahadur  Shah  Zafar  Marg,  New  Delhi  1 10002 

Telephones:  2323  01 31 ,  2323  3375,  2323  9402  Website:  www.bis.org.in 


Regional  Offices: 

Central 


Eastern 


Northern 


Southern 


Western 


Manak  Bhavan,  9  Bahadur  Shah  Zafar  Marg 
NEW  DELHI  110002 

1/14  C.I.T  Scheme  VII  M,  V.I. P.  Road,  Kankurgachi 
KOLKATA  700054 

SCO  335-336,  Sector  34-A,  CHANDIGARH  160022 
C.I.T.  Campus,  IV  Cross  Road,  CHENNAI  6001 13 


Manakalaya,  E9  MIDC,  Marol,  Andheri  (East) 
MUMBAI  400093 


Telephones 

2323  7617 
2323  3841 


2337  8499,  2337  8561 
2337  8626,2337  9120 


260  3843 
260  9285 


2254  1216,2254  1442 
2254  2519,2254  2315 

2832  9295,  2832  7858 
2832  7891,2832  7892 


Branches  :  AHMEDABAD.  BANGALORE.  BHOPAL.  BHUBANESHWAR.  COIMBATORE.  DEHRADUN. 
FARIDABAD.  GHAZIABAD.  GUWAHATI.  HYDERABAD.  JAIPUR.  KANPUR.  LUCKNOW. 
NAGPUR.  PARWANOO.  PATNA.  PUNE.  RAJKOT.  THIRUVANANTHAPURAM. 
VISAKHAPATNAM. 


Published  by  BIS,  New  Delhi 


